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Abstract
We review the theoretical status and the future perspectives of the most important electroweak precision
observables in the MSSM. This comprises the mass of the W boson, MW , the effective leptonic mixing
angle, sin2 θeff , the mass of the lightest MSSM Higgs boson, mh, and the anomalous magnetic moment
of the muon, aµ. The impact of the parametric uncertainties from the experimental errors of the in-
put parameters is studied, and an estimate for the remaining uncertainties from unknown higher-order
corrections is given. The need for future improvements in the theory predictions is investigated.
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We review the theoretical status and the future perspectives of the most important electroweak precision
observables in the MSSM. This comprises the mass of the W boson, MW , the effective leptonic mixing angle,
sin2 θeff , the mass of the lightest MSSM Higgs boson, mh, and the anomalous magnetic moment of the muon, aµ.
The impact of the parametric uncertainties from the experimental errors of the input parameters is studied, and
an estimate for the remaining uncertainties from unknown higher-order corrections is given. The need for future
improvements in the theory predictions is investigated.
1. INTRODUCTION
Theories based on Supersymmetry (SUSY) [1]
are widely considered as the theoretically most
appealing extension of the Standard Model (SM).
SUSY predicts the existence of scalar partners
to the SM fermions, and spin–1/2 partners to
the gauge and Higgs bosons. So far, the direct
search for SUSY particles has not been success-
ful, setting lower bounds of O(100 GeV) on their
masses [2].
An alternative way to probe SUSY is via the
virtual effects of the additional particles to preci-
sion observables. This requires a very high pre-
cision of the experimental results as well as of
the theoretical predictions. The most relevant
electroweak precision observables (EWPO) in this
context are the W boson mass, MW , the effective
leptonic weak mixing angle, sin2 θeff , the mass of
the lightest CP-even MSSM Higgs boson,mh, and
the anomalous magnetic moment of the muon,
aµ ≡ (g − 2)µ.
Concerning the EWPO’s three different errors
have to be distinguished:
1. the experimental error: the future antici-
pated accuracy sets the scale that has to be
matched with the other two types of errors.
2. the intrinsic error: this error is due to un-
known higher-order corrections. We will review
the current status in the theoretical prediction of
the EWPO’s. Emphasis is being put on the miss-
ing calculations to match the future experimental
error.
3. the parametric error: experimental errors in
the input parameters yield this uncertainty in the
prediction of the EWPO’s. In principle this ap-
plies to the SM as well as to the SUSY param-
eters. However, the future uncertainty in the
SUSY parameters are highly model dependent.
Therefore we will not investigate their impact
here. The status and the future expectation of
the SM parametric errors is being analyzed.
Provided a high accuracy in both, the exper-
imental determination and the theoretical pre-
dictions for the EWPO’s, electroweak precision
tests (i.e. the comparison of accurate measure-
ments with predictions of the theory), allow to
set indirect constraints on unknown parameters
of the MSSM. SUSY higher-order corrections to
MW , sin
2 θeff and mh depend most strongly on
the third generation scalar quarks. aµ depends at
the one-loop level on the second generation slep-
tons and on the masses of the neutralinos and
charginos. Thus precise measurements of these
observables allow to obtain indirect information
on various parts of the SUSY spectrum.
2. THE W BOSON MASS AND THE EF-
FECTIVE MIXING ANGLE
The two most common electroweak precision
observables (EWPO) that are used to check the
validity of the SM or the MSSM are the MW and
sin2 θeff . MW can be obtained iteratively from
M2W
(
1− M
2
W
M2Z
)
=
pi α√
2Gµ
1
1−∆r , (1)
2where ∆r contains the higher-order corrections.
The effective weak leptonic mixing angle is de-
fined as
sin2 θeff = 1/(4 |Qf |) (1 − Re gfV /Re gfA) , (2)
where gfV,A are the couplings of a fermion f to
the Z boson on the Z resonance, Qf is the corre-
sponding electric coupling, and higher-order con-
tributions enter through corrections to gfV,A. The
status and the future expectations of the three
errors is as follows:
1. The current and anticipated future experi-
mental uncertainties are summarized in Tab. 1.
See [3] for a detailed discussion and further refer-
ences.
2. The SM part1 of the MSSM evaluation of
MW and sin
2 θeff is quite advanced, leading to [5]
δMSMW ≈ 4 MeV, δ sin2 θSMeff ≈ 6 · 10−5 (3)
The full one-loop contributions to MW and
sin2 θeff arising in the MSSM can be found in [6].
The leading two-loop corrections, entering via the
ρ parameter, have been obtained at O(ααs) [7]
and O(α2t , αtαb, α2b) [8]. The leading gluonic cor-
rections to ∆r of O(ααs) (i.e. the only two-loop
calculation beyond the ∆ρ approximation) has
been obtained in [9]. Using the methods de-
scribed in [3] we arrive at the estimate [4]
δMMSSMW ≈ 10 MeV, δ sin2 θMSSMeff ≈ 12 · 10−5 (4)
3. The most important parametric errors for
MW and sin
2 θeff come from the mt and the
hadronic contribution to the fine structure con-
stant, ∆αhad. Currently we have
δmt = 4.3 GeV⇒ (5)
δMmtW ≈ 26 MeV, δ sin2 θmteff ≈ 14 · 10−5
δ(∆αhad) = 36 · 10−5 ⇒ (6)
δM∆αW ≈ 6.5 MeV, δ sin2 θ∆αeff ≈ 13 · 10−5
For the future one can hope for
δmt = 0.1 GeV [10]⇒ (7)
δMmtW ≈ 1 MeV, δ sin2 θmteff ≈ 0.3 · 10−5
δ(∆αhad) = 5 · 10−5 [11]⇒ (8)
δM∆αW ≈ 1 MeV, δ sin2 θ∆αeff ≈ 1.8 · 10−5
1For sake of brevity we omit the references to SM calcu-
lations and refer to [4] and references therein.
Table 1
Uncertainties of sin2 θeff and MW . See [3] for a
detailed discussion and further references.
δMW [MeV] δ sin
2 θeff [10
−5]
now 34 17
LHC 15 14–20
LC 10 –
GigaZ 7 1.3
By comparing the LC/GigaZ error with the fu-
ture parametric error it can be seen thatMW will
be well under control. However, even with the op-
timistic assumption for ∆αhad the experimental
GigaZ precision can hardly be matched. Con-
cerning the intrinsic error, especially for sin2 θeff ,
a large effort, probably a full two-loop calcula-
tion, will be necessary to arrive at the required
GigaZ precision.
3. THE LIGHT MSSM HIGGS MASS
The mass of the lightest CP-even MSSM Higgs
boson can be predicted from the other model
parameters. At the tree-level, the two CP-even
Higgs boson masses are obtained as a function of
MZ , the CP-odd Higgs boson mass MA, and the
ratio of the two vacuum expectation values tanβ.
In the Feynman-diagrammatic (FD) approach the
higher-order corrected Higgs boson masses are de-
rived by finding the poles of the h,H-propagator
matrix. This is equivalent to solving
0 =
[
p2 −m2h,tree + Σˆhh(p2)
]
× (9)
[
p2 −m2H,tree + ΣˆHH(p2)
]
−
[
ΣˆhH(p
2)
]2
.
where the Σˆ(p2) denote the renormalized Higgs-
boson self-energies, p is the external momentum.
The status of the available results for the self-
energy contributions to eq. (9) in the real MSSM
can be summarized as follows. For the one-loop
part, the complete result within the MSSM is
known [12–14]. Concerning the two-loop effects,
their computation is quite advanced, see [15] and
references therein. They include the strong cor-
rections at O(αtαs), and Yukawa corrections,
O(α2t ), to the dominant one-loop O(αt) term,
3as well as the strong corrections from the bot-
tom/sbottom sector at O(αbαs). For the b/b˜ sec-
tor corrections also an all-order resummation of
the tanβ -enhanced terms, O(αb(αs tanβ)n), is
known [16]. Most recently the O(αtαb) and
O(α2b) corrections have been derived [17].2
An upper bound of mh <∼ 140 GeV [15, 19]
can be established [20] taking into account all
existing higher-order corrections (mmaxh scenario,
mt = 178.0 GeV, MSUSY = 1 TeV), neglecting
intrinsic uncertainties. The status and the future
expectations of the three errors is as follows:
1. The experimental error will be ∆mexph ≈
200 MeV at the LHC, provided the channel gg →
h → γγ is sufficiently strong [21]. At the LC a
mass determination down to ∆mexph ≈ 50 MeV
will be possible [10].
2. The current intrinsic error consists of four
different pieces:
− missing momentum-independent two-loop cor-
rections: By varying the renormalization scale at
the one-loop level, these two-loop uncertainties
can be estimated to be ±1.5 GeV [22].3
− missing momentum-dependent two-loop cor-
rections: since at the one-loop level the momen-
tum corrections are below the level of 2 GeV,
it can be estimated that they stay below
±0.5 GeV [15].
− missing 3/4-loop corrections from the t/t˜ sec-
tor: by applying three different methods (chang-
ing the renormalization scheme at the two-loop
level; direct evaluation of the leading terms in
a simplified approximation; numerical iterative
solution of the renormalization group equations)
these corrections have been estimated to be at
about ±1.5 GeV (see [15] and references therein).
− missing 3/4-loop corrections from the b/b˜ sec-
tor: the corrections from the b/b˜ sector can be
large if both, µ and tanβ are sufficiently large.
For µ > 0 it can been shown [23] that the two-
loop corrections give already an extremely pre-
cise result, provided that the resummation of
2Leading corrections in the MSSM with non-minimal fla-
vor violation have recently been obtained in [18].
3We do not consider here the “full” two-loop effective po-
tential calculation presented in [24], since they have been
obtained in a special, simplified renormalization that make
them unusable for the FD approach.
(αs tanβ)
n terms [16] is taken into account. On
the other hand, for µ < 0 the 3-loop corrections
can be up to ±3 GeV [23]. Since the results for
aµ favor a positive µ (see below) we do not con-
sider this possibility here.
The current intrinsic error can thus be estimated
to be ±3 GeV [15].
If the full two-loop calculation (in an FD suit-
able renormalization) as well as the leading 3-loop
(and possibly the very leading 4-loop) corrections
are available, the intrinsic error could be reduced
to about ±0.5 GeV. This seems to be possible
within the next 5–10 years.
3. The currently induced error by MW and mb
are already almost negligible, and will be irrele-
vant with the future precision of these input pa-
rameters [25]. On the other hand, mt and αs play
a non-negligible role. Currently we have [25]
δmt ≈ 4.3 GeV ⇒ δmmth ≈ 4 GeV (10)
δαs ≈ 0.002 ⇒ δmαsh ≈ 0.3 GeV (11)
From the LC one can hope to achieve in the future
δmt ≈ 0.1 GeV ⇒ δmmth ≈ 0.1 GeV (12)
δαs <∼ 0.001 ⇒ δmαsh ≈ 0.1 GeV (13)
By comparing the LC (or even the LHC) pre-
cision for mh with the intrinsic and parametric
error, it becomes clear that a huge effort from
both the theoretical and from the experimental
side will be necessary in order to fully exploit the
precise mh measurement. Without a reduction of
the intrinsic error by about a factor of 10, even the
LHC precision will be worthless. The paramet-
ric uncertainty emphasizes the complementarity
of the LHC and the LC. Already for the LHC pre-
cision ofmh the LC precision ofmt will be needed
in order to match the level of δmh ≈ 200 MeV.
4. THE ANOMALOUS MAGNETIC MO-
MENT OF THE MUON
The final result of the Brookhaven “Muon g−2
Experiment” (E821) for the anomalous magnetic
moment of the muon, aµ ≡ (g − 2)µ/2, reads [26]
aexpµ = (11 659 208± 6)× 10−10 . (14)
It is unclear whether this result will be improved
within the next ∼10 years. The SM prediction de-
4pends on the evaluation of the hadronic vacuum
polarization [27–30], and light-by-light contribu-
tions [31] (for a recent reevaluation describing a
possible shift of the central value by 5.6× 10−10,
see [32]). Depending on the hadronic evaluation
the difference between experiment and the SM
prediction lies between4
aexpµ − atheoµ =
[28]+ [31] : (31.7± 9.5)× 10−10 : 3.3 σ , (15)
[27]+ [32] : (20.2± 9.0)× 10−10 : 2.1 σ . (16)
There is hope that the comparison of the SM pre-
diction with the experimental result can become
much more precise, even without new direct ex-
perimental data on aµ. This will require on the
one hand a better understanding of the light-by-
light contributions, and on the other hand a bet-
ter control (driven by new experimental data) on
the hadronic corrections to aµ.
This discrepancy between experiment and SM
prediction can be easily explained by SUSY. The
supersymmetric one-loop contribution [33] is ap-
proximately given by
aSUSY,1Lµ ≈ 13× 10−10
(
100 GeV
MSUSY
)2
tanβ , (17)
if all SUSY particles (here smuon, sneutrino,
chargino and neutralino) have a common mass
MSUSY, and µ > 0. Obviously, supersymmetric
effects can easily account for a (20 . . . 30)× 10−10
deviation, ifMSUSY lies roughly between 100 GeV
(for small tanβ) and 600 GeV (for large tanβ).
Eq. (17) also shows that for certain parameter
choices the supersymmetric contributions could
lie outside the 3σ band of the allowed range ac-
cording to (15), (16). This means that the (g−2)µ
measurement places strong bounds on the SUSY
parameter space. This is important for constrain-
ing different variants of SUSY models and com-
plements the direct searches. Even after the
discovery of supersymmetric particles, indirect
bounds derived from (g− 2)µ will provide impor-
tant complementary information to that obtained
from direct measurements.
4These evaluations are all e+e− data driven. Recent anal-
yses concerning τ data indicate that uncertainties due to
isospin breaking effects may have been underestimated
earlier [29].
In order to fully exploit the precision of the
(g − 2)µ experiment within SUSY, a reduction of
the intrinsic error down to the level of about ±1×
10−10 is desirable. This level has been reached
for the perturbative part of the SM evaluation,
see [34] and references therein.
For the SUSY contributions, a similar level of
accuracy has not been reached yet, since the the
status of the corresponding two-loop corrections
is much less advanced. Only four parts of the two-
loop contribution have been evaluated up to now.
The first part are the leading log (mµ/MSUSY)-
terms of SUSY one-loop diagrams with a photon
in the second loop. They amount to about −8%
of the supersymmetric one-loop contribution (for
a SUSY mass scale of MSUSY = 500 GeV) [35].
The second known part are the diagrams with
a closed loop of SM fermions or scalar fermions
calculated in [36]. It has been shown in [36]
that, if all experimental constraints are taken
into account, the numerical effect of these con-
tributions amount up to about 5 × 10−10, ex-
cept in rather restricted parameter regions with
non-universal sfermion mass parameters involv-
ing very disparate mass scales.
The third part consists of diagrams with a
closed chargino/neutralino loop, evaluated in [37].
These corrections are suppressed by a factor of
∼ 50 compared to the one-loop result if all SUSY
masses have roughly the same value. However, if
the one-loop result is suppressed by heavy slep-
ton masses, the two-loop corrections can be of
the same order. In general they can amount up
to ∼ 5× 10−10.
The fourth part are the diagrams that arise
from the electroweak two-Higgs-doublet model
part of the MSSM. They also have been evaluated
in [37]. These contributions are in general small
as compared to the one-loop result and hardly
exceed 2× 10−10.
Despite the recent progress in the evaluation
of two-loop corrections, the remaining uncertain-
ties are still larger than the required 1 × 10−10.
The missing SM/SUSY corrections to the one-
loop MSSM result can be enhanced by large top
and bottom Yukawa couplings; the two-loop QED
corrections [35] could be modified if the SUSY
particles do not have one common mass scale. If
5the full two-loop result will be available the in-
trinsic uncertainties for aSUSYµ will be reduced to
the required level, provided that the mass scales
in the MSSM are not extremely disparate (which
will be tested experimentally).
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